of this, the utility of the UKCAT as a means to widen access to medical schools among nonWhite and less advantaged applicants remains unproven.
INTRODUCTION
Access to read medicine in the UK is not equal across different socio-demographic population sub-groups [1, 2] . In part these differences reflect variation in application rates, but even among the applicant pool, the likelihood of receiving an offer from a university varies significantly by sex, ethnicity, parental occupation (a proxy for social class), and school type even when educational attainment in taken into account [3] [4] [5] [6] .
All applications to read medicine in the UK are made through the Universities and Colleges Admissions Service (UCAS) where the application will include details of academic attainment, a personal statement and references. The standard approach is to screen applications on the basis of academic attainment and then to invite selected applicants to interview. However the results of A-level examinations (the predominant examination taken by students in England and Wales on leaving school aged 18 years) have been the subject of 'grade inflation'; in 1996 the proportion of A'levels awarded the top grade (Grade A) was ~15% but with the Examination Boards moving from norm referencing to criterion referencing, this had increased steadily and substantially to ~27% by 2012 [7] . In consequence it has become more difficult for medical schools to differentiate the most academically able students to whom they wish to make offers. Further, at a time when there is increasing focus on ensuring fair access for all to professional careers, there have been calls to consider measures of intellectual ability other than A-levels; i.e. selection tools which cannot be 'coached for' or are dependent on quality of schooling received [8, 9] .
The UK Clinical Aptitude Test (UKCAT) is one such selection tool. Introduced in 2006, the test seeks to measure mental abilities, attitudes and professional behaviour conducive to being a medical practitioner, and to do so using constructs likely to be less affected by socio-demographic factors than traditional measures of potential [10] . Applicants who wish to be considered for entry to universities using the UKCAT are required to register with the UKCAT Consortium in order to schedule an examination at one of the designated test centres across the country. Test fees at centres within the UK and the rest of the European Union (EU) are £80 (reduced to £65 for 'early birds') with bursaries covering the whole fee available for applicants in financial need [10] . Applicants are permitted only one attempt per admissions cycle.
Universities are free to use UKCAT as they see fit but three broad modalities have been observed: 'borderline', 'factor' and 'threshold' [11] . Borderline use is where the UKCAT score is used to offer borderline candidates (including as a 'tie-breaker' to separate students) an interview where otherwise their application would rate poorly. Tiffin has described this to be a 'weak' use of the test [12] . 'Factor' use occurs when the applicant's UKCAT score is used alongside other information to determine whether an interview or offer is made ('moderate' use), and 'threshold' use refers to the UKCAT being used as a 'screen' whereby only applicants scoring above an agreed level move through to the next stage of the selection process ('strong' use).
Initial evaluations of the impact of UKCAT suggested that the inherent biases associated with A-level performance (students from White and professional social class backgrounds and attending independent or grammar schools tend to do best) also exist for UKCAT performance, albeit the biases may be reduced especially with regard to the role of schooling [13, 14] . More promising insights have come from work by Tiffin using the 2009 applicant cohort [12] . Here, sub-groups analysis of the way in which the UKCAT was used suggested that the 'stronger' its role in the selection process -i.e. use as a threshold -the greater the mitigation of disadvantage associated with demographic factors such that among students applying to institutions using the test as a 'threshold', only A-level grades and UKCAT score were significantly associated with receiving an offer. Tiffin and co-authors however urged caution in the interpretation of these results; the observations were made on a single crosssectional dataset and use of the UKCAT as a 'threshold' in itself might be a marker of an institution's willingness to address widening participation issues, that is, other unmeasured factors of the institution might be driving the observed association.
In this paper, we offer two separate but related longitudinal analyses of the impact of use of the UKCAT (borderline, factor and threshold) in changing the demographic profiles of medical student cohorts in the UK.
METHODS

Study Design
We undertook analyses of student applications and offers to study medicine at UK medical schools for the years 2004 to 2011 inclusive using data provided by the Universities and Colleges Admissions Service (UCAS), a UK-based charity which co-ordinated the application process for all UK medical schools during the study period [15] .
Study Population
All individuals resident in the UK aged less than 21 years ('school-leavers') and applying to read medicine on the 'traditional' (5 year +/-intercalated degree) undergraduate programmes offered by any UK medical school during the study period. We limited our sample to this age-group, which comprises the substantial majority of applicants to these programmes, in order to minimize the non-ascertainment of applicants' socio-economic status information which has shown to be associated with applicant age [16] 
Study Variables and Data Preparation
Anonymised data were obtained from UCAS for the period 2004-2011. Appropriate data cleaning was undertaken and the sample restricted to home applicants (permanent address has a UK postcode) aged less than 21 years of age applying to traditional medical courses. For those with these qualification data, educational attainment was produced by calculating the maximum UCAS tariff obtainable (depending on the qualification type, year and number of qualifications) and converting the achieved UCAS tariff into a proportion of this.
Proportional attainment measures were then standardised by comparing this measure for each individual to the distribution of proportions, by qualification and year; Z-scores were generated by subtracting the mean and dividing by the standard deviation of the appropriate distribution of proportional attainment measures. A binary measure of attainment (good / poor) was also generated. Tiffin et al classified good attainment as grades AAB in A'levels (or equivalent tariff) or above [12] . To approximate this measure of attainment, the proportional attainment for each student was compared to the proportion equivalent to AAB, depending on qualification type and year.
Data Subsets
The two subsets were chosen to specifically investigate the use of UKCAT and comprised: 
Use of the UKCAT by Universities
The UKCAT consortium provided data after re-examination of their survey data on our behalf (and with permission of the medical schools concerned) to verify changes in UKCAT use, allowing the derivation of descriptions of the UKCAT use of participating institutions for the period 2006-2011. UKCAT use was categorised in the same way as used by Tiffin et al as borderline, factor and threshold [12] .
Data Analysis
Characteristics of the applicants and applications by offer status were investigated. The application level data set was then further analysed using multilevel logistic (random-effects) regression modelling, with the outcome being the offer status of each application. Models allowed for the clustering of applications within applicant; however, we were unable to identify cases where applicants had applications in different years.
To investigate the impact of UKCAT use further, for the period 2006 to 2011 and for the institutions using UKCAT in their admissions process separate multilevel logistic regression models were fitted according to UKCAT use type adjusting for applicant characteristics (year, sex, ethnicity, parental occupation (pre-coded by UCAS using the simplified National
Statistics Socio-Economic Classification based on the highest earning parent), school type and educational attainment). A model was fitted for all UKCAT use types including interaction terms for UKCAT use and each of the applicant characteristics to identify differences between use types. Institutions utilising threshold level UKCAT use were identified, and similar models were fitted to compare the two-year threshold UKCAT use period with the prior twoyear period. All statistical analyses were carried out using Stata version 13. P-values<0.05
were considered to be statistically significant.
RESULTS
There were 174,043 applications from 62,681 applicants to the 24 medical schools using Models fitted separately for each of the UKCAT use categories appear to suggest the admissions process is more equitable in terms of sex for threshold use (OR=0.95; 95% CI 0.90 to 1.00; p=0.067) whereas for borderline and factor use the odds of an application being successful are greater for applications from female students. The odds of successful application were higher for White students, with higher managerial or professional (HMP) parental occupations, from grammar or independent schools, and with high educational attainment regardless of UKCAT use (see table 3 ).
When looking at modelling the interactions between UKCAT use category and application characteristics (see Results of likelihood ratio tests showed including the random effect allowing for clustering of applications within applicants improved model fit.
DISCUSSION
Key Findings
In this paper we have explored the impact of differential uses of the UKCAT, and also the 'before and after' impact of the introduction of the test in its 'strongest' (threshold) format.
The three ways of using the UKCAT did not appear to differ in their impact on making the selection process more equitable other than an attenuation of female advantage when applied in a 'threshold' manner. Our attempt to model the longitudinal impact of the use of the UKCAT in its threshold format found again the attenuation of female advantage, but did not demonstrate similar statistically significant reductions of the advantages associated with white ethnicity, higher social class and selective schooling. The longitudinal analyses also suggest use of the UKCAT as a threshold reduces the impact of educational attainment, although this remains a large factor in the model.
Strengths and Limitations of Study
All applications to read medicine in the UK must be made through UCAS and thus using this dataset has ensured our coverage of the targeted study population should be complete. Our models allowed for the clustering of applications within applicant. We were unable to identify cases where applicants had applications in different years meaning our analyses do not take into account the correlation between applications when applicants had reapplied.
Data from UCAS suggests that this may be as high as 20% [18] . This also means we have not been able to allow for or evaluate how students have changed between initial and subsequent applications, where they may potentially improve their examination grades, UKCAT score, undertake work experience etc. Further work exploring the changes 'unsuccessful' students make to the content of their applications, and the outcomes associated with re-application is required.
The data set available for use was large allowing thorough analyses to be performed.
However, with such a large sample size it is likely that statistically significant results will be detected and thus it is critical the magnitude of detected differences be carefully considered.
Our ascertainment of data on sex, ethnicity, schooling and educational attainment was high and we constructed the latter variable using methods concordant with other researchers working in this field [12] . We used parental occupation as a proxy for socio-economic status, and this was pre-coded for us by UCAS using standard protocols. In our two data subsets 13.8% and 13.6% of applicants did not provide sufficient information on parental occupation to enable classification ( Table 2 ). This is a much smaller proportion than that reported by Tiffin [12] and is likely to be due to our decision to limit our sample to those aged less than 21 years whereas Tiffin included both school-leavers and mature students in their analyses.
We categorised the use of UKCAT through discussion with the UKCAT Consortium.
Previous work by the Consortium has suggested a fourth way in which UKCAT may be used, termed 'trade-off' or 'rescue' whereby a relatively poor performance in one aspect of a candidate's application may be compensated by a high UKCAT score [11] . Following Tiffin,
we have conceptualised this as a form of 'borderline' use and thus have grouped 'trade off'
with 'borderline' as the weakest use of the test [12] . Some medical schools indicated to the UKCAT Consortium that use of the test may not be consistent with one modality each year;
that it, the test might be used both as, say, 'threshold and 'factor' in a single year. Where this occurred, we operated a rule whereby the 'strongest' use determined categorisation. Thus, medical schools with 'factor' and 'borderline' were categorised as 'factor' and any use of 'threshold' reported resulted in a medical school being categorised as 'threshold' for that year.
This method means that it is possible that the impact of 'threshold' may be reduced by including medical schools in this category where the test was used in a weaker manner for some applicants. If this has occurred, we might anticipate reduced but quantifiably similar impacts on the advantages reported for sex, white ethnicity, higher social class and selective schooling; however the impact on the socio-demographic factors varied (marked impact on sex; minimal impact on the others).
Interpretation of Findings
These findings suggest that the UKCAT test does reduce the advantage for female applicants over males in securing a place to read medicine. However, the test's impact on other sociodemographic variables associated with a disadvantage in traditional selection processes appears to be minimal, even when used in its 'strongest' format. The increasing use of UKCAT by medical schools is normalising its use in the selection process, and unsurprisingly there is a parallel growth in the 'how to pass the exam' industry [19] . Although it is argued that students cannot revise or be 'coached' to do well in the UKCAT, practice does improve performance [10] . It is probable that over time, schools and careers staff will get better at preparing candidates and more effective commercial courses and aids be developed; it might be speculated that this is likely to be to the advantage of students from more affluent families and those attending selective or independent schools [20] .
Implications for Research and Practice
One driver for the development of the UKCAT was a desire to widen access to medicine from socio-demographic groups who are under-represented within the profession. These findings suggest that while the use of the test as a 'threshold' in the selection process does mitigate against female advantage, it has minimal impact on under-represented ethnic and socioeconomic groups. The role of the test as a means to widen participation therefore remains unproven. These observations are in contrast to some conclusions drawn by other researchers reporting findings from single year cross-sectional studies. We echo the call by Patterson and colleagues in their recent systematic review of selection methods that future research in this area needs both to make more use of longitudinal study design and to seek greater understanding of the impact of different selection methods on the widening access and student diversity [21] Diagrams, Tables and Figures APPENDIX 1 Derivation of the original study sample from which the two sub-sets are drawn.
Study Design
We undertook analyses of student applications and offers to study medicine at UK medical schools for the years 1996 to 2012 inclusive using data provided by the Universities and Colleges Admissions Service (UCAS), a UK-based charity which co-ordinated the application process for all UK medical schools during the study period.
Study Sample
All individuals resident in the UK aged less than 21 years ('school-leavers') and applying to read medicine on the 'traditional' (5 year +/-intercalated degree) undergraduate programmes offered by any UK medical school during the study period. We limited our sample to this age-group, which comprises the substantial majority of applicants to these programmes, in order to minimize the nonascertainment of applicants' socio-economic status information which has shown to be associated with applicant age.
Study Variables and Data Preparation
Anonymised data were obtained from UCAS for the period 1996-2012. Appropriate data cleaning was undertaken and the sample restricted to home applicants (permanent address has a UK postcode) aged less than 21 years of age applying to traditional medical courses.
Self-declared information on sex, school type, ethnicity and parental occupation as made by the applicants in their UCAS application was recorded. Data were available on the number of General Certificate of Education Advanced Level ('A-Level') and of the Scottish Qualification Certificate Higher Grade ('Higher') examinations taken and the UCAS tariff achieved by each applicant. The UCAS tariff is a means of allocating points to qualifications used for entry to higher education in the UK, developed to allow broad comparisons to be made about a wide range of qualifications used by Universities. A'levels are the predominant school-leaving educational qualification taken by 18-19 year old students in England, Wales and Northern Ireland, while Highers are the Scottish exit qualification.
For those with these qualification data, educational attainment was produced by calculating the maximum UCAS tariff obtainable (depending on the qualification type, year and number of qualifications) and converting the achieved UCAS tariff into a proportion of this. Proportional attainment measures were then standardised by comparing this measure for each individual to the distribution of proportions, by qualification and year; Z-scores were generated by subtracting the mean and dividing by the standard deviation of the appropriate distribution of proportional attainment measures. A binary measure of attainment (good / poor) was also generated. Tiffin et al classified good attainment as grades AAB in A'levels (or equivalent tariff) or above. To approximate this measure of attainment, the proportional attainment for each student was compared to the proportion equivalent to AAB, depending on qualification type and year.
